INTRODUCTION
============

Adrenal incidentalomas are defined as clinically unapparent adrenal masses that are discovered during diagnostic testing or treatment for nonadrenal diseases. Adrenal masses are one of the most prevalent tumors in humans, and their reported prevalence is increasing with continued advances in imaging technology, making the management of adrenal incidentaloma important for modern medicine \[[@B1]\]. Based on clinical studies, the prevalence of adrenal incidentaloma is approximately 4% overall, with nearly 80% of these masses found to be benign \[[@B1],[@B2],[@B3],[@B4],[@B5]\]. A substantial proportion of these adrenal incidentalomas demonstrate subtle hormonal hypersecretion, mainly in the form of autonomous cortisol secretion, with a reported prevalence that varies from 1% to 47% according to the applied diagnostic criteria \[[@B6]\]. Subclinical Cushing\'s syndrome (SCS) is defined as a state of altered hypothalamic pituitary adrenal axis secretion in the absence of the classical signs or symptoms of overt cortisol excess. The diagnosis and treatment of SCS have recently become a topic of growing interest due to the high disease prevalence and are currently under debate \[[@B3],[@B7]\]. Indeed, SCS is estimated to be present in 5% to 30% of patients with adrenal incidentalomas \[[@B8],[@B9]\]. Some studies suggested that this condition is present in 1% to 10% of patients with diabetes or established osteoporosis \[[@B10],[@B11],[@B12],[@B13]\]. The aim of the present study was to examine the clinical characteristics of adrenal incidentalomas discovered by computed tomography (CT) and to investigate metabolic features of SCS in patients with adrenal incidentalomas in a tertiary hospital in Korea.

METHODS
=======

This retrospective study examined clinical aspects of patients with adrenal incidentalomas discovered by CT at Soonchunhyang University Bucheon Hospital from January 2002 to July 2012. Clinical data and endocrine function of the patient as well as histological findings were obtained from medical records, while the anatomic characteristics such as location and size of the masses were analyzed by reviewing imaging studies. Regarding functionality, hormone tests for pheochromocytoma, Cushing\'s syndrome, and aldosterone-secreting adenoma, which were the most frequently diagnosed conditions of the clinically significant functional adrenal masses, were performed. The following screening tests were performed in all patients: for pheochromocytoma, a 24-hour urinary vanillylmandelic acid (VMA), total metanephrine, 24-hour urinary catecholamine (epinephrine and norepinephrine), and plasma catecholamine (epinephrine and norepinephrine) were measured; for Cushing\'s syndrome, plasma adrenocorticotropic hormone (ACTH), early-morning cortisol, and a 24-hour urinary free cortisol were measured; for aldosterone-secreting adenoma, plasma aldosterone, renin activity, and potassium level were measured. Plasma ACTH (Cis-Bio international, Gif-sur-yvette, Cedex, France) and cortisol (DiaSorin Inc., Stillwater, MN, USA) were measured using radioimmunoassay kits. Urinary VMA and metanephrine were measured using high-performance liquid chromatography (Agilent Technologies, Santa Clara, CA, USA). If the 24-hour urinary free cortisol was higher than the reference range (75 to 270 µg/day), low early-morning plasma ACTH (\<10 pg/mL) was observed, and the patient had any specific symptoms or signs of Cushing\'s syndrome, Cushing\'s syndrome was suspected. A low-dose dexamethasone suppression test (DST) also was performed to increase diagnostic specificity and to confirm Cushing\'s syndrome. If the 24-hour urinary free cortisol was higher than the reference range (75 to 270 µg/day), low early-morning plasma ACTH (\<10 pg/mL) was observed, and the patient lacked specific symptoms or signs of Cushing\'s syndrome, a diagnosis of SCS was made \[[@B13],[@B14],[@B15]\]. Pheochromocytoma was determined using 24-hour urinary VMA, total metanephrine, 24-hour urinary catecholamine (epinephrine and norepinephrine), and plasma catecholamine (epinephrine and norepinephrine) levels. When plasma aldosterone was higher and plasma renin activity was lower than their respective reference values and the ratio of plasma aldosterone to renin activity was greater than 20, aldosterone-secreting adenoma was suspected. A saline-loading test or captopril challenge test was performed in most patients in order to confirm this diagnosis. Drugs affecting the renin-angiotensin-aldosterone system (ACE inhibitors, angiotensin II receptor blockers, calcium channel blockers, diuretics, nonsteroidal anti-inflammatory drugs, β blockers) were discontinued for 14 days before measuring plasma renin and aldosterone levels.

Diabetes mellitus was diagnosed if the subject had a prior diagnosis or had been treated with oral hypoglycemic agents or insulin. In subjects with diabetes mellitus, diagnosis was established if fasting plasma glucose was ≥126 mg/dL or hemoglobin A1c (HbA1c) was ≥6.5%. Hypertension was diagnosed if the subject had a prior diagnosis or had been treated with antihypertensive agents. In subjects with hypertension, diagnosis was established if systolic blood pressure was ≥140 mm Hg or diastolic blood pressure was ≥90 mm Hg.

Statistical analysis
--------------------

Statistical analyses were conducted using SPSS version 14.0 (SPSS Inc., Chicago, IL, USA). The comparison of the two groups was performed with Mann-Whitney *U* test or chi-square test. For all statistical analysis, a *P*\<0.05 was considered to indicate statistical significance.

RESULTS
=======

A total of 268 patients with adrenal incidentalomas were included in this study. [Table 1](#T1){ref-type="table"} shows the clinical characteristics of the patients with adrenal incidentalomas. The mean age of the participants was 55.8 years (range, 15 to 90). The disease propensity was not different in men and women. The distribution of adrenal tumors was similar between right and left adrenal glands (42.6% and 44.9%, respectively), and bilateral tumors were found in 12.5% of patients. The largest adrenal tumor dimensions ranged from 0.37 to 12.00 cm, with a mean of 2.73±1.89 cm. The prevalences of type 2 diabetes mellitus and hypertension were 30.6% and 54.5%, respectively.

[Table 2](#T2){ref-type="table"} shows the functional diagnosis of patients with adrenal incidentalomas. Most (*n*=218, 81.3%) cases were nonfunctioning tumors. Of the 50 patients with functioning tumors (18.7%), 19 (7.1%) were diagnosed with SCS, nine (3.4%) with overt Cushing\'s syndrome, 12 (4.5%) with primary aldosteronism, and 10 (3.7%) with pheochromocytoma. A saline-loading test or captopril challenge test was performed to confirm the diagnosis of primary aldosteronism in nine of 12 patients. Adrenal vein sampling was performed in the other three patients with primary aldosteronism. Adrenalectomy was performed at the hospital in 32 patients. Histological diagnoses included adenoma (*n*=16), pheochromocytoma (*n*=6), adrenal metastasis (*n*=1), adrenocortical carcinoma (*n*=1), and others (*n*=8). An overnight DST was performed in eight of nine patients with Cushing\'s syndrome and 10 of 19 patients with SCS. In three of 10 patients, 24-hour urinary free cortisol was higher than the reference range, but overnight DST cortisol was \<2 µg/dL.

[Table 3](#T3){ref-type="table"} compares clinical and metabolic aspects of patients with SCS and those with nonfunctioning tumors. Body mass index, fasting glucose, HbA1c, and total cholesterol were significantly higher in patients with SCS in comparison with those with nonfunctioning tumors. The prevalences of type 2 diabetes mellitus and hypertension were significantly higher in patients with SCS compared to those with nonfunctioning tumors.

DISCUSSION
==========

In this retrospective study of 268 patients with adrenal incidentalomas discovered by CT, 18.7% of the tumors were found to be functioning and 81.3% were nonfunctioning. Adrenocortical carcinoma was found at a much lower prevalence (only one of 268 patients) than that reported in previous Korean studies (up to 6.0%) of adrenal incidentalomas \[[@B16],[@B17],[@B18]\].

Among the functioning tumors, 7.1% manifested with SCS, 3.4% with Cushing\'s syndrome, 4.5% with primary aldosteronism, and 3.7% with pheochromocytoma. The functional composition of the adrenal tumors was similar to that in Western studies \[[@B4],[@B5],[@B19]\]. In a previous Korean study, pheochromocytoma was seen at a much higher prevalence-up to 20%-of adrenal incidentalomas \[[@B16]\]. In our series, adrenal masses were found in similar proportions in men and women (51.5% vs. 48.5%). Many previous studies have reported that adrenal incidentalomas are found more frequently in females (female-to-male ratio, 1.3 to 1.5:1), although this could be due to a generally higher rate of abdominal imaging in females than in males \[[@B20],[@B21],[@B22],[@B23]\]. In one previous Korean study, adrenal incidentalomas were found more frequently in females (44.8% vs. 55.2%) \[[@B18]\]. However, other studies reported that there were similar proportions of men and women (51.2% vs. 48.8%) \[[@B16]\] or a larger proportion of men than women (61.0% vs. 39.0%) \[[@B17]\] in Korean patients with adrenal incidentalomas. Taken together with our results, there seems to be no increased likelihood of tumor based on sex in Korean patients. In our study, 50 patients (18.7%) had functioning tumors. In previous Korean studies, the prevalences of functioning tumors reported varied from 13.8% to 41.0% \[[@B16],[@B17],[@B18]\]. In previous studies from different countries, the prevalences of functioning tumors varied from 16.0% to 29.0% and were similar to our study \[[@B4],[@B5],[@B19],[@B24]\]. SCS is a condition of biochemical cortisol excess without the classical signs or symptoms of overt Cushing\'s syndrome. The diagnosis and treatment of SCS recently have become a topic of growing interest and are currently under debate \[[@B7],[@B8],[@B25]\]. In a previous Korean study, SCS was seen at a higher prevalence (9.0%) in adrenal incidentalomas than was observed in our study. In two previous Korean studies, patients with Cushingoid features were excluded, or the prevalence of Cushing\'s syndrome was not reported \[[@B17],[@B18]\]. In a study from a different country, the prevalences of SCS and Cushing\'s syndrome were slightly higher compared to those in our study \[[@B24]\].

The diagnosis of SCS is a challenge for clinicians due to several reasons. First, particularly in patients with adrenal incidentalomas, cortisol secretion occurs on a continuum from completely normal to clearly increased levels and can be highly variable in the same individual \[[@B3],[@B26]\]. Therefore, diagnosing SCS by arbitrary index cutoffs of cortisol secretion leads to unavoidable misclassifications in some patients. Second, because SCS is by definition not characterized by a specific clinical picture, a clinical \"gold standard\" for diagnosing SCS is lacking. In our study, fasting glucose, total cholesterol, and body mass index were significantly higher in patients with SCS than in those with nonfunctioning tumors. The prevalences of diabetes mellitus and hypertension were also significantly higher in patients with SCS compared to those with nonfunctioning tumors. Previous studies showed that patients with SCS related to adrenal incidentaloma have adverse metabolic and cardiovascular outcomes \[[@B12],[@B27]\]. Diabetes mellitus, hypertension, and dyslipidemia have frequently been observed in patients with adrenal adenomas, the prevalence being even higher in those with SCS \[[@B17],[@B24]\]. SCS might have negative effects on metabolism \[[@B11],[@B28]\]; however, the higher prevalence may be due to the fact that patients with diabetes or hypertension have a higher rate of abdominal imaging compared to the healthy general population.

That prevalences of diabetes mellitus, dyslipidemia, and hypertension are higher in patients with SCS shows that it is not completely asymptomatic. The usefulness of screening for SCS in at-risk populations clearly depends on the possibility of SCS-associated increased morbidity and mortality, which is still unknown. Moreover, the economic costs of screening for SCS would probably be high. To date, no data are available on the cost-effectiveness of screening populations at risk. However, it seems rational to screen for SCS in patients with poorly controlled hypertension or type 2 diabetes despite adequate lifestyle modification and pharmacological treatment. Several studies have reported that adrenalectomy improved metabolic and cardiovascular outcomes in patients with adrenal incidentaloma and SCS \[[@B29],[@B30],[@B31],[@B32]\]. Further studies are needed to confirm whether surgical treatment is indeed beneficial to patients with these diseases.

Our study has several limitations that must be taken into account. First, due to its cross-sectional design, we could not determine a causal relationship between SCS and metabolic derangements. Second, the patients were diagnosed with SCS by 24-hour urinary free cortisol levels and plasma ACTH, without overnight DST. Third, because our study population was a cohort of patients cared for in a single center, the results might have been affected by selection bias. Nonetheless, this single-center study also conferred a high degree of consistency regarding laboratory data for hormonal evaluation. Finally, the specificity and sensitivity for the criteria for SCS used in this study is not known, which could have lead to both under- and over-diagnosis of SCS.

In summary, functioning tumors, especially those with subclinical cortisol excess, are commonly found in patients with adrenal incidentalomas, although malignancy is rare. In addition, patients with SCS in adrenal incidentalomas have adverse metabolic and cardiovascular profiles. Further studies are needed to determine the accurate diagnostic criteria for SCS and to conclude whether surgical treatment can improve metabolic and cardiovascular outcomes in patients with adrenal incidentaloma and SCS.
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Values are expressed as mean±SD.

SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Values are expressed as mean±SD. Statistical significance was tested by Mann-Whitney *U* test for continuous variables and chi-square test for categorical variables.

NS, not significant; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; HbA1c, hemoglobin A1c.
